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The invention relates to a process for reducing RNA concentration in a mixmre of biological material, comprising Ae steps of: 
(a) providing a mixnne of biological material having a first concentration of RNA; (b) filtering die mixmre duough a diatomaceous eaitfa 
material to produce a filtrate having a second concentration of RNA, wherein the second amcentration is less dum die first concentration; and 
(c) collecting die fiitrate having a reduced RNA concentration. In one aspect, the diat<»naceous earth material serves to puriiy recombinant 
plasmid DNA from an RNA compcment in a mixture of biological material, and in anodier aspect, it serves to separate different fonns of 
soluble RNA in a mixture of biological material. 
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PROCESS FOR REOUCiHG RIU COHCENTRATIOH IN A MIXTURE OF 
nOLOGICAL MATHIIAL USING DMTOMACEOUS EARTH 

HELD OF THE IWEWTIOW 
The invention reletes to e process for reducing RNA concentrstion in e mixture of biologicsl material 
S using diatomaceous earth. 

Mobcuiar biology depends for its Inportence on the existence of purifiBd recomUnent DNA plasmids. 
£41., Thompson, BioChromatography 1£B (188Bk Currant Protncoh in MolacMtai Bintoflv, Greene Pubfiding 
Assoc ft Wey, 1887; end Sembrook Fritsch, end Meniatis, Molaeular Chnhw, A Lahoreterv Manual Second 

10 Edition, Cold firing Herbor Laboretory Pms, 1888. Of criticBl significsnce to the developnmnt of e practical 
technotogy wes the discovery thet ceb couU hcorporate extrediromosomsl genetic materiaL Consequently, 
mdependently-repliceting extrechromosomal DNA, such as plasndd DNA, con be used es e vehicle for the 
msertion into end empEficetion of any given DNA segment, from e wide veriety of biologicel sources, in e 
suitable eel host which wiV msintttn this genetic meterial. 

1 5 Advances have been made m the fermentation and tissue ctdturo processes used for both enetytical 

end preperethre scele growth of prokeryotic end eukeryotic eels recombinent plasmid DNA. These biotegiCBl 
processes of synthesis generete the plesmid DNA product together with e complex mixture of ceUlar 
components including Epkls, cerbohydretes, Gpoproteins, proteins, polysaccharides, chromosomal DNA, 
ribosomes, RNA end other mecromolecider components. It is necessary to isolete plssnud DNA in e pure form 

20 for subsequent epplcatkm. 

Numerous procedures heve been devetoped indqiendently for the purif icetion of ceDular plasmid DNA. 
However, al of these processes share three besic features: (1) cellular growth; (2) celular lysis; end (3) 
separation of plasmid DNA from ceDuler RNA end DNA. Various extrections ero of key importence for the 
Bccurate, reproducible purificetion of plesmid DNA. These extractions are enqitoyed to remove the bulk of 

25 contaminating molecules ta^, proteins, celular DNA, RNA, etc J, espedaDy wten appBed to complex bntogical 
systems. Proper extractions ere essential for both chromatography and non-chromatogrephy processes of 
plesmid purifKation. 

A step-by-step conventional protocol for purif icatnn of plasmid DNA from I liter (1-2 g wet weight) 
of L cell ceDs is presented in Teble 1. 

30 

TABLE 1: PURinCATIOR OF PUSMID DMA fflOM 
1 UTER (1-2 6) OF L COU CELLS 

CELL LYSIS: 

35 1. Resuspend eels in e final vohime of 7.0 mi with Buffer A. Buffer A is 25 mM Tris-HCI (pH 

BJUl 50 mM Na^EOTA, 1% (w/v) ghicose. 

2. Add 14.0 nd of Buffer B; genthr ma by invershm; ncubete 10 min on ice. Buffer B is 0.2 N 
NaOH, 1% SDS. 
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3. Add 10.5 ml of eoU (4"C) Buffer C; gently mii by inversion until white precipitate forms; 
incubate 5 min on ice. Buffer C is 3.0 M potassium acetate, 2.0 M acetic acid (pH 4.8). 

4. Centrifuge 25K i g, 20 nun; transfer supernatant to new tube. 

5. Add eiactly 2 volumes cold (-20*^0 95% ethanol; vortex, incubate 20 min on ke. 
5 6. CmtrHuge 12K X g. 20 min; discard supernatant. 

NUCLEIC ACID EXTRACTIOH: 

7. Resuspend pellet in 1.2 ml Buffer D. Buffer 0 is 20 mM Tris-HCI (pH 7.2K 1 mM NSjEDTA. 

8. Add 0.B ml Buffer E; vortex; incubate 20 min on ice for 16 h, 4''C). Buffer E is 7.5 M 
10 ammonium acetate. 

9. Centrifuge 12K x g, 20 min; save supernatant fay transferring to new tube; discard peDat. 

10. Add 4.0 ml cold I ^O^C) 95% ethanol to supematsnt; vortex; incubate 20 min on ice. 

11. Centrifuge 12K x g, 20 min; discard supernatant; air dry pellet (inverted) 5 min. 

12. Resuspend pellet in 0.4 ml Buffer F. Buffer F is 20 mM Tris-HCI IpH 7.2L 1 mM NajEOTA, 
15 SO mM NaCI. 

13. Add 1000 imits RNase; incubate 30 min at 37''C. 

14. Add 0.4 ml phenol (saturated with Buffer F); vortex weO. 

15. Centrifuge 12K x g, 10 min; transfer upper aqueous layer to new tube. 

16. Add 0.1 ml 2.0 M NaCI; vortex. 

20 17. Add 1.0 ml coU ( ^O'^C) 95% ethanol; vortex weH incubate 30 min (or 16 h) et ^O^'C. 

18. Centrifuge 12X x g, 20 min; discard supernatant; wash pellet carefully with coU (•20''C) 80% 
ethanol; air dry pellet (inverted) 5 min. 

19. Resuspend peDat in 1.6 ml H2O. 

25 The general features of this conventional procedure are gentle treatment of the cells at pH 1Z5 

(step 2) to lyse the bacteria, denature chromosomal DNA, and leave the covalantly closed circular plasmid 
DMA intact. Upon neutralization in the presence of high salt and SOS, chromosomal DNA, protein and cellular 
debris preapitete and are removed by centrifugetion (steps 3, 4). Nucleic acids (RNA, plasmid ONA) 
remaining m the sohtble fraction are recovered by short ethanol precipitations to reduce precipitation of any 

30 protein or chromosomal ONA contaminants (steps 5, 6). The recovered nucbic acids are hcubated with 2.5 
M emmonhmi acetate to precipitBte high molecular weight RNA, proteins and Gpopolysaccharides which are 
removed by centrifugetion (steps 7-9). The enriched plasmid DNA preparation b concentrated by ethanol 
pracipitetion, treated with RNese to digest RNA, phenol extrected to remove RNase and any remaining 
proteins and recnvered by ethanol precipitation. Based on ebsoriiance at 280 nm and subsequent purification 

35 strategies, this final sample contains about 50% plasmid DNA, 50% smal RNA olqonucleotides and usually 
less than 1% chromosomal DNA. 

Procedures such as these may be unsuitable for the manufacture of pharmaceutical-grade DNA, 9.g., 
for the purpose of gene therapy. In this regard, there is a need for e process that reproducibly reduces host* 
derhred RNA, which accounts for the meiority of the nucleic acid in a crude lysete; that does not rely upon 

40 the use of extreneous animal-derived enzymes, such as RNases, which are susceptible of being contenuneted 
with infectious egents; that does not depend upon the use of toxic orgenic extrectants, such as phenol, to 
rid the preparation of RNases; and that uses only reegents generelly recognized as safe by drug regulatbig 
bodies, such as the Food end Drug Administration (FDA). 
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SWMMABY PF m INYEHTIPW 
The mveniiofi provides a proceu for roducing RNA concentration in a miitura of biotogicai material 
comprising the stepi of : M providinB a ndxtura of bttdogkal material havi^ 
(b) fUtaring the miituri through a ifiatomaceous earth material to produce a filtrate having a second 
5 concentration of RNA, wherein tin second concentration is lass than tim first concentratton; and (c) 
colecting the fitrete hevkig e reduced IMA concentration. 

According to the invention, tiie RNA concentration may be reduced by at bast about 10%, or 
advantagaousiy by at bast about 25%, or favorably by at bast ebout 50% or preferrably by at bast about 
85%. 

10 Abo, accordmg to the mventioa tiie mbttora of Uobgfcal materiel may be a eel lysate. 

In one embodmnt the dbtomacaoos eertii material b eonvosad of ebout 80% SiO,. It nmy to 
cdcinsd. It mey be fbx calcmed las opposed to straight cabbed). It may to acid washed (to enelyticel 
grade quaityl. 

ta anotiwr embodnnnt tiie dbtomaceous earth materiel hes a dry density of atout 10 lbs/cu.ft 
15 h may possess a meiSan particb sin of about 22.3 mbrons. It may possess a meiSen cake pore size of 
about 7 mbrons. 

hi a preferred embodiment, the dbtomaceous eartii material b composed of about 88.6% SIO,, about 
4.0% AI2O2, about 1.5% fBfi^ about 0.2% about 0.2% TiO,. about 0.5% CaO, about 0.6% MgO, and 
atout 3.3% NajO K2O. 

20 to another espect, tto bvantbn provides e prmss for reducing RNA concentratbn m a mixture of 

blologbal material comprisbg the steps oh (a) providbg a mixture of bbbgbal material having e first 
concentration of RNA; lb) exposbg tiie mhtino to a dbtomaceous eertii materiel to produce a product 
which, folowing separatbn from tto diatomaceous earth materiel by filtration, centrifugatbn or 
sadimentetion. has a second concentratbn of RNA, whereb tha second concentratbn b bss than the first; 

25 end (c) colbcting tto product tovbg a reduced RNA concentretion. 

In stil enothar aspect, the bvention provUas a process for purifybg recombmant pbsmid DNA from 
a RNA component n e mature of bbbgbal nnterial co m prising tha steps of: (a) providbg a mixture of 
bbbgbel material comprising racombbant pbsmid DNA and having a first concentretion of RNA; (b) filtering 
the mixture through a diatomaceous eerth material to produce e filtrate comprisbg tto racombbant pbsmid 

30 DNA and having a second concentretbn of RNA, whereb tto second concentretbn b bss than the first 
concentratbn; and (c) coflecting the fitrate tovbg a reduced RNA component 

Tto recombbent idasmid DNA may to a oucbb acb-besed phwrnsceutbaL 
to yet enotiier es|»ct tiie invention provides a process for separating different forms of sobbb RNA 
b e mature of bbbgbal material compriuig tiw staps of: (a) proviiDng a mixtura of bbbgbal material 

35 tovbg e fnt and a second form of sobbb RNA; (b) fitering tto nnxture through a dbtomaceous earth 
materiel to produce a fitrate comprising tto first form of sobbb RNA and a product conyrising tha second 
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form of sohibb RNA that cohcts in tho dtatomaceous earth materiab and (c) colacting tho fatrato. or 
ehiting the second form of RNA from the dtatomaceous earth materiaL 

One of the forms of RNA may be a nucleic acid-based pharmaceutical 
In another aspect the invention provides a process for purifying recombinant plasnAI ONA from a 
5 RNA component in a mature of bioiogtcal material comprising the steps of: (a) provnimg a miiture of 
bmlogicei material comprising recombinant plasndd DNA and having e first concentration of RNA; (b) adding 
a diatomacaous earth material to tim mixture; (c) miiing the result of step W to form a suspension; (d) 
pouring the suspension through a diatomacaous eartii precoated fiter membnne to elow a diatomacaous 
earti) cake to collect on tiie filter membrane end to form a fitrate comprising the recombinant plasmid ONA 
10 and having a second concenuetion of RNA, wherein the second concentration is less than die firat 
concentration; and (a) cePeeting the fihrete having a reduced RNA conqionent. 

DETAILEO DESCRIPnON OF THE iMVgMTinN 
We have discovered e proceu for reihicing RNA concentration in a mncture of biological material 
using a diatomacaous eardi material Whae not being bound or imited by tiieory, it is bsieved tiiat the 
15 diatomacaous eardi material adsoriis RNA. Accordingly, one provides a mixture af biological material having 
a f iret concentration of RNA. One then filters the mixture through a diatomacaous earth material to produce 
e filuete heving e second concentration of RNA, where the second concentration is less than the first 
concentration. Finally, one collects the fOtrate having a reduced RNA concentration. 

Besed on sem'hquantitative analyses discussed Mra, we calculate that in any one step the RNA 
20 concentration can be reduced by at least about 10%, or advantageously by at hast about 25%, or favorably 
by at bast about 50%, or preferably by at least about 85%. 

Any diatomaceous earth material is contemplated. Eg., CeGte® diatomaceous earth material as 
described in Product Brochure by CeUte Corp., lompoc, CA, incorporated herein by reference. Otatomaceous 
earth material is a material originating from the f ossiized skeletons of mmute, prehistoric aquatic organisms. 
25 It is used as a filter aU to essist in the separation of solids from iquids. It is typically processed into 
powders of various particle size which meet a wide range of industrial filtration requirements. 

FOtration is a process by which particles ere separeted from a fhiid by passing the f hjid through 
a permeable materiaL The pemwable material is called the fiter medium or nmibrene. The filter membrene 
is supportnl on another permeable material called the filter septum. The fiter septum is typically a screen. 
30 Ideally, the fiquid goes through and solids remain, building a permeable cake on the filter membrane. With 
large, incompressible particles, this ideal can be approached, to practice, however, finer solids often pass 
through with only larger sofids remaining on the fiter membrane. If the retained solids are at all 
compreuble, the ix|uid flow rate is reduced to an uneconomical level In the case of the manufacture of 
reconnbinant plasmid ONA, a reduced flow rete trensletes into loss of plasmid ONA given its limited stability 
35 (especially in a eel lysate). Oiatomaceous eardi material functions to approach ideal f atratbn conditions. 
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Cnide diatoiMcaQus earth materU b minsd and then iiractseed to serve as a filter eid. It is usually 
processed by nSBnt, calcining and air classification to giwe a fnlshedt virtualy mrt filter eid which b 
predominantly siica. When deposited on e filter ninnliren«r the dbtomaceous eertb matml forms a rigid 
but porous fiter ceke which sbves out the perticolate matter in iquid as it passes through the filter. 
5 FUration using diatomaceous earth material b commonly a two-step operation. First a th'm 

protective leyer of fiher mi caM the precoet b bolt up on the fiber medium by redrculeting e fiher aid 
shirry. After precoating, fiher eid b edded to the liquid to be fBtered* As fhering progresseSy the filter eid, 
mbed with the suspended soUs from the unfihered fqM, b dqiosited on the prtcoat Thus, a new fihering 
surfsce b continuously formed. The minute filter eU particbs provide counttass microscopic chenneb which 

10 entrap suspended impurities but slow ctaer iquid to pau threugh whhout chigghg. 

An efficbnt, economb fiher rid will hove rigid, ntricately shepedr porouSr mdhridual particbs; wil 
form a highly permeabb, stabbr ncompressirio fiher coke; wl remove even the finest soids at high rates 
of flow; and w9 be chembaDy inert end essentbly insohibb in the bptid being f Itered. Dbtomaceous eerth 
material meets these requirements due to the wide verbty of eitricetely shaped partbbs and inert 

15 compositbn. 

Filter eid gredes ere evaiabta providing e wide renge of particb sbes to meet ndustrial fihratbn 
requirements. Dbtomeceous eertii meteriel that b tiie finest wi usuoly ghre tiie highest ctarity end bwest 
f bw rste. To create thb grsdOr dbtomite may bo sebctively quarried, dried, ndltad end eir-clessified. To 
meke coerser, fester f taw rate fiher eids. dbtoroito b cabined and air-ctassified. These are celed streight 

20 cobbled grades. To obtain sti targer perticbs, e fiui b edded before cebbetion ghring the fh»«cafcned 
filter eids. These are the coersest (predes. 

bi edcBtbn to these standard grades of dbtomeceous earth matarial specbbzed products may be 
produced for e wide variety of fihratbn appBcations. Ackl*washed fiher aids sre avaiiabta by acid washing 
to reduce iron and cakkim content for use where exceptional purity b needed. Analytical grade fiher akis 

25 are obtababb by muknum ackl weshkig for use es en aid b anelytical work or where extre exceptional 
purity b desked. 

Sebction of tiie proper fiher ekl grsde b e comprombe between high ctarity and bw f taw rate. 
The best fIter md b tiw grade tiiat provkies the fsstest ftaw rete whie mamtaknng an acceptabta degree 
of darhy, winch must be determned end spedfisd by tiie fiher ab user. Sebction b empkbal and witiun 
30 the ski of workers m tiia art. 

For s ghran fitretion, ctarity of fitrata n governed principaly by: grade and amount of filter aU 
for fitratbn; grede end emount of fIter eid for precoet; tangth of cycta; end fitrattan rate. 

Determmetion of the degree of ctarity obtakiabta by eny one grede of fiter ekl can be gamed by 
runmng fitratbn tests usng proper techniques, for exampta, on a Budmer funnel end b withm the bvel of 
35 ski m the art 
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In the normal operation of a filtration syatam, tha f iter is first pracoated by drcolating a mixture 
of filter aid and fqind through tha filter. Tha precoat acts to prevent the fitter membrane from becommg 
clogged by impurities. The emount of precoat precoat slurry concentration and precoeting rate are selected 
besed on filtration theory and running filtration tests. 
5 After precoeting, fiKering begins. Care should be token not to disrupt the precoat The emount 

of filter eid that n used is determined on the basn of proper fUtretion theory end conventional lab tests. 
The eddition of too smal an amount is disedventegeous. it results in ctoggmg. This emount is sanply 
madeqimte for the filter tfd to function properly. Neither is the addition of too large an emount benefictaL 
It also results in clogging. This amount b in excess for the filter eid to produce the results intended. 

10 Otatomaceous earth materials are distinguishable on the basis of various physicai properties. The 

medien pvtUe size can vary from about 10 to about 60 microns. The medien calce pore size can fluctuate 
from about 1 to about 25 microns. The dry density con very from ebout 5 to abeut 20 bs./cu.ft Based 
on a typical chemicel analysis, the content of silice can vary from about 85 to about 90% silica. The other 
constituents of dietomaoeous earth materiel cen include AI^O^ Fe^O,, Pfi^ TtO^ Ca0« MgO, and H^fl * 

15 KjO. These components cen be present in variable emounts, for example, AljOj from ebout 3.3 to ebout 
4.5%, FojO, from ebout 1.1 to about 1.5%, from about 0.2 to about 0.3%, W2 at about 0.2%, CaO 
from about 0.5 to about 0.8%, MgO from about 0.6 to ebout 0.7%, end N^O ♦ K^Q from about 1.0 to 
about 4.2%. 

In a preferred embodimant the diatomaceous earth material m a calcined filter eid. It is fhix 
20 calcined (as opposed to straight calcined). It is scid washed (to analytical grade quaity). The median 
particle size is about 22.3 microns. The median cake pore size is about 7.0 microns. The dry density is 
about 10 lbsjcu.ft It contains about 89.8% SiO,, about 4.0% Mjli^ about 1.5% HjHy about 0.2% P2O5, 
about 0.2% T1O2, about 0.5% CaO, about 0.6% MgO, and about 3.3% Na^O + K^O. 

We prefer Celite® Hyflo Super CeP filter aid, a course grade, avalable from Celite Corp., Lompoc, 

25 CA. 

Filter akis that are composed of a diatomaceous earth material m combination with other materials 
are regarded as faffing within the scope of the present mventran. For example, diatomaceous earth can be 
combined with e celhilose fiber, as n, e.g., Ceite® Fibra-Cel fitter aid and certain Cuno Zeta Hus fitter aids 
obtainable from Cuno, Meriden, CT. Celbitose fiber equhralents are enviskmed, and other blends are 

30 contemplated. 

bt another embodknent of the kiventkm for reduckig RNA concentration in a mixture of bmbgical 
material, a mixture of buhigical material havkig a first concentratwn of RNA is provkled. The mixture b 
exposed to e diatomaceous earth material to produce a product which, following separation from the 
diatomaceous earth material by filtratbn, centrif ugatnn or sedknentatbn, has a second concentration of RNA. 

35 where the second concentretbn b tass than the first concentration. Finally, the product havoig a reduced 
RNA concentretion b cottacted. 
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The nvantion is useful to purify recomboient plesmid DNA from e RNA componwit in o mixture of 
Uobgicel meterieL In this embodiment one provides e mixture of biologicel meterial comprisino recombnant 
pfaomid ONA and heving e first coneentretion of RNA. One then fihers the mixture through a diatomaceoos 
eertb metwiel to produce e fihrete comprising the recombinant piasnid DNA and having a second 
5 concentration of RNA, where the second coneentretion b isss than the first coneentretion. Finally, one 
coflects the fitrate havbig a reduced RNA component 

This proceu is useful for the pariRcetion of e nucbic ecid-besed phermeceuticeL 
The proceu of the invention is not Emited to cbcular, supercohd plasmids i$.g., supercoied 
monomers, immt, concatemeraL but appEes generaly to other supercoied DNA mobcttlea bichidbig 
10 chloroplests, mitochondris, etc, and to different forms (s^, different repicatmg formal of circular DNA 
molecuies, and also to hear ONA moleculea, chromoaomal DNA and oigonueleotide DNA. 

Nehheria the bivemion Emited to plasmids heving a particulars^ Ithasgenerel 
eppficabity across ptasmab of every kmd, regeriBess of size and constitution. Oe Examples. We heve used 
the nvention to purify, a#., pBR322- end pUC- based, bisons end mono-cistronic, and human- and 
15 nonhuman- origaiating, plesmida aEke. 

AdditioneDy, this process may be eppGcahk to the separation of different forms of RNA to a mature 
of biohigcel meterial There is en effort bi eome leboretories to perform gene timrapy with RNA rother dien 
DNA. A purification process tfiat selecthrely removea host contsminant RNA has tremendous vahie, when 
tile object of the separation is the recovery of a particular form of RNA. 
20 In this embodiment one provides e mixture of biotogical material havn« e first and second form of 

sohdih RNA. One tim filters tiie mixture tivough e diatomeceous eerdi materiel to produce a fihrate 
convrisbig tiie first form of RNA and a product comprismg tiie second form of RNA tiiet coBects to the 
dietomeceouseartii materiel HneBy, one coBects tin fittrete. Altemetivdy. one may elute the aacond form 
of RNA from the diatomeceous earth material given tiiat is the preferred form. 
25 A preferred protocol for purificetion of recombinant piasmid ONA from a RNA component in e 

mature of biological material is presented biTeUe 2. Here tim mixture is a ceH lysate. Abo, this b a start- 
to-flnbh protocol where ptasroid DNA b purif bd to pbarmaceuticeHirade stenderds f or use es e nuctab acid- 
based pharmaceutical 

30 TABLE 2: PROCESS FOR PURIFICATION OF 

PHARMACEIITICAL4SRADE PLASMD DNA 

1. Cel Paste 

2. Resuspend Cob b Buff er 

35 3. Lyse Cdb b DEute Bese end Detergent 

4. Acidify Lysate to Precipitate Host DNA end L col Protenu 

5. Remove CoE Debris end Mm fanpurities by Centrifugation, FItration or Sedimentation 

6. Gtarify Supemetent by FBtretion wMi a Obtomaceous Eardi Materbl 

7. Precvitate DNA with PE6-8000 from Cbrifbd Fitrate 
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8. CoDBCt ONA via Filtration 

9. Dissolve DNA in Buffer and Precipitate RNA, Proteins and Lipopolysaccharsde Impurities with 
Ammonium Acetate 

10. Separate DNA from Impurities via Hitration 
5 11. Precipitate DNA with Isopropanol 

11 Recover Plasnnd DNA Pellet in Buffer 

13. Sin Eichision Chromatography on Pharmaca S-1000 Removes Remaining Impurities (Higher 
Molecular Weight Fonns of DNA, RNA, Protein and Endotoxin) 

14. Analyze Product Fractions, Pool and Ethanol Precipitate 

10 IS. AiQust Concentration vtfith Injection Vehicle end Sterile Filter 

16. Standard Bulk Plasmid DNA Preparation 

17. Fmal Formulation, Sterile Fill and Fuish 



This process for the puriTication of pharmaceutical-grade plasmid DNA is elaborated below. 

15 CeO Lysis. The cell paste is resuspended complstety in 6 ml per gram wet bacterial we«ht of cold 

Sohition I (61 mM ghicose <f 25 mM Tris buffer pH 8.0 ^ 10 mM EDTA at S^'C) with stirring at room 
terapereture. To tills solution 12 ml per gram wet bacterial weight Sohition II (0.2 N NaOH 1% SOS) is 
added and nuxed end-over-end until homogeneous. This is mcubated on wet ice for approximately 10 minutes. 
To the hrsed eel solution, 9 nd per gram wet bacterial weight of coU Sohit'ion M (3.0 M potasshmi acetate 

20 pH 5.0 at S^C) is added, mued end-over-end until a white ftocculent preciprtate appears, and incubated on 
wet ice for epproximBtely 5 mhutes. 

Filtration. The eel debris is removed from tiie hfsete by f itretion, centrifugation or sadmntation. 
The supernatant is collected and ctariTied by adifing approximately 25 g/l diatomaceous earth material and 
filtering through e (preferebly precoated) fiter membrane (Whatman 1 1, 113 or equivelent) arranged in a 

25 table top Buchner funnel. Ahematively, the ceD debrb is removed from the lysete by (firact dietomaceous 
earth material aided f Itration. In tii» case, approximately 90 gll diatomaceous earth material is added 
directly to the lysb sohition and nuxed by swHng unti homogenous. The lysate b then f Btered through e 
(preferably precoated) filter membrane (Whatman 0 1, 113 or equivalent) arranged in a table top Buchner 
funnel. 

30 We find that precoeting b not requ'nd. Precoeting b prefairad. We precoat by meking a skirry 

of diatomaceous earth material in deioniied H,0 end evenly filtering it through the filter membrene arranged 

in the tabta top Buchner funnel. 

The amount of dbtomaceous eertii material that b added to ttie cell lysate b determined empiricelly 

as dbcussed above. At the lower end, 10, 15 or 20 gA can be added. 25 gfl b preferred. At the higher 
35 end, 25-30, 40, 100 or 150 gll can be used. 00 gll b preferred. These peremeters may be maximized to 

provide the fastest f bw rete lor greatest throughput per doner's wortii of filter aid) whia maintaining an 

acceptabb degree of cbrity. 

The dbtomaceous earth material fitratbn step wl be optimized by balancmg these ebments egeinst 

the additional factor diet the diatomaceous eertii material acts to bind RNA. Accordingly, peremeters, such 
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8S flow rate, clarity, grada and anraunt of fBter aid for fitrathin, grada and amount of Fdt^ aid for precoat, 
length of cycle, fittration rate, ttiroughput, end permeabiity, etc^ wil very much depend on the reduction m 
the coRcoitration of RMA to be ecMeved. An eppronmetion of the degree of reduction can be gained by 
running conventional titration teata. The emount of RNA in the filtrate can be detennlDed bi e rannber of 
5 waya, for eiemple, by routine biochemicel analyaea. See Eiampla 4. 

DMA PrecipitetiQn. PMyetbybne glycol (PEG, a#, PEfrSOOQ) ia added to the fOtrote to 5-15% 
(wM, pkia Nata to 0.3-1.5 li The PE6 anapoMion b atirred prefmbly overnight et 2*8*C. The DMA 
precipitate ia cobcted by edding epproKimetely 25 gA of dietomeceoua earth materiel to the PEG auapenaion 
and fihering through a (preferably precoated) fitter membrane arrenged bi a table top Guchner funnel The 
10 DNA prvcipitete ia captured In the cake and recovered by mapending the coke in TE buffer (0.01 M Trb-baae 
pH W * 0.001 M EOTA). 

RMA, Protein and Upopolyaaccheride Removal Ammonium acetete ia added to the TE buffer to 2.5 
M and atirred for eppronmately 30 minutea at 2-B*IL The auapenaion, which atiB contama diatomaceous 
earth material ia fittered through a (pref erebly precoated) filter mmbrene arranged bi e teble top Buchner 
15 funnel The DNA fitrite ia then optionaly clarified by aub^nicron filtration. 

Fnal DNA Precgiitation. A find DNA precipitation ii performed with OlS vohmiea of coU iaopropanol 
for a mbdmum of 2 horn at •20'C. The prediriteted DNA is centrifuged m e Sorval table top centrifuge 
for 30 minitea at 2000 x g or equivalent. The DNA pelets ere resuspended In cohnrni buffer prior to gel 
f Ihretion chromatography. 

20 Gel Htration Chromatography. A Pharmacia S-1000 tandem aiie exchialon cotamn, DNA excbsmn 

loBit of 20,000 bp, (Phermada, Pixataway, NJ) b poured. The S-1000 matrix b an nert end highly stabta 
matrix that b prepered by covehntly crossMing alyl dextren with N,N'-methybnebbacrytamide. The cohimn 
b poured bi two Pharmacia XK26n00 columna (Pharniada, Pbcetewey, NJ) with e ftael bed height of 80-85 
cm (2Jx80cm) resulting m e totel cokmm vohane of epproxmatriy 900 ml end e total hngth of 

25 approxbnately 1 60 cm. Tha cohnnns are indivkhisDy prusaura packed m one direction, rwersed end connected 
m series for equibration and operation. The cokmm b aquibreted m cohonn buffer end run at an 
appropriate fbiw rats. Cbered lyaate ptasmid DNA b fihered through e 0.2 fm syringe filter end toeded onto 
the cohmm. Cobimn operetmn end fractionation are automated with e Pharmacb FPLC (Pharmacia, 
Pbcataway, NJ). Fractnns (approxknately 0.5 - 5% of cohnnn vobme) ara colected over the product ekitnn 

30 lone and analyzed by 0.8% egarose gel ebctrophoresb. The exect renge of product ehition b detemuned 
from gel analysb. Appropriate fractnns era pootod and precipitated with 2 vobmes of coU ethanoL Thb 
cokmm purifbd DNA b stored et -20^0 unti needed for imperetbn of standard buft piasmid DNA. Following 
chromatography, the cobmn end FPLC ere sanitized witii at bast one cohonn votame of 0.2 M NaOH. 

Standard Bulk Pbsmid DNA Preparation. The ethanol precipiteted, cokmm purifbd DNA b spun at 

35 maximmi speed vi e Sorval tabb top centrifuge for 30 mnutes at 4-10**C or equivatant. The peBets are 
air-dried end poobd. The pootad pekts are resuspended n mjectbn vehbb. The DNA b then filtered 
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through n02/m filter into a pyrogen-free container. Samples are taken for atvifty testing, quaity control 
and rotantionr labaM with a descrqition of the product Lot Part i, wkm, concentration, and date, and 
stored froien in quarantine. Thb bif orroation is mtered into inventory control for later final formulation, 
sterile fil and finish. 
5 ADVANTAGES 

In this process, diotomaceous earth material facitates plasndd DNA purification by adsorbing 
sigmficent quantities of host eel RNA impurities from the process stream. AvEianipla4. The extraction 
of MIA is crucial to the pirifieetion of plesndd DNA, because RNA accounts for the m^fority of the nucleic 
ectd in a crude lysate. Any processmg step that reduces the bad of the RNA anpurity is critical to obtaining 

10 purified plasmid DNA. 

In the ebove protocol diatomaceous earth material further facitates plasmid DNA purification by 
aBowing a rapid cfract flhration of a cell lysate. This povit b niportant beeeuse plamtd DNA has only 
brated stabity m a eel lysate. Separation of pbsmid DNA from cabdar debris end other contaminants 
captured bi the diatomaceous eardi material cake b crudal for the production of high yhU preparations. 

IS Extraction of RNA usbig a dbtomaceous eartti material b especbly rebvant to tfie field of nucbb 

acid-based pharmaceuticab* whaie a gena, DNA, RNA, antbanso or trfpb heEx motacub functbns 
therapeutbaly m the treatment of e dbease. Dbtomaceous eerth meterial b a reagent generaly recognized 
as safe by drug regubtbg bodbs such as the FDA. Additionally, it reptaces tiie use of RNase for the 
removal of RNA. whbh as an animal derived enzyme b susceptfeta of being contenrineted with bifectious 

20 sgents. (kimpm Tabta 1 and 2. Moreover, it erminetes tiie need to use toxb orgenb solvents, a^., phenol, 
to rid the preperetbn of RNeses. Coaipm Tabta 1 and 2. Use of dbtomaceoua earth material b e scatebb 
unit operatnn amenabta to brge scab manufacture. It signifbantly decreases processing tone as compared 
to standard protocols. These attributes dbtingubh the diatomaceous earth materbl process from current 
state of the an procedures and make it especbDy weB-suited for the menufacture of pharmaceutbal^rade 

25 DNA. 



Particutar aspects of the inventbn may be more readily understood by reference to the foBowing 
exampbs, which are intended to exempfify the inventbn, without fanitmg its scope to the partbubr 
exenqififbd embodiments. 

30 

EXAMPLE 1. PURIHCATIDN OF pHLA R? PLASMID 

The pHLA-B7 plasnud, mtended for use as a gene therapy pharmaceutical was purified. A model 
has been descrbed for the snmunotherapy of malignancy using a gene encoding en HIA>B7 entigen. The 
gene b introduced into tumors frvmr by DNA/8posome transf action for m situ productbn of antigen. Rubin 
35 et aL, Hpiaff %m PtgffPY S:1385 (1894); Hersh et al. Human fiemi Theraov 5:1371 (1984); Vogebang 
at eL, Human Cane Theraov 5:1357 (1884). 



wo 96^1729 PCT/DS9CMNn47 

•11- 

The pHLA-B? plaanid was about 4800 bp in lia. it was a pBR322-bas8d plasmid contaming a 
bactariai arieai of replication, h ancodad the Inavy (human HIA-B7 eONA) and ight (chimpanzee 8-2 
Microolobiiin cONA) cbahs of a Class I MHC amipan dasignatad HLA-B7. These two proteais were 
nrpnasad on a bi«iMrmic mRNA. Etdtvyotic cd eiprassion of this mRNA was dependant on a Rous 
5 Samnna Vim promoter aaquanct daitoad from the 3* long Tarmaial Repeat Eipression was also dependent 
on a transcription tanminationiliolyadanylation signal sequence derived from the bovne growth hormone gens. 
Eipression of the heavy chain waa regulated by the 5* cap^Jepandant protein translation start site. 
Eiprassim of the Ight chain was lagulatad by a Cap tadapendent Transiational Eriiancar (CITE) sequence 
derived from the Encaphabmyacardhis Vvas. The plasmid also encoded a kanamycn resistance gene derived 
10 fromlnSOl 

hi this purification, 500 g of wet ceO pasta was pracassed, and 29.1 mg of purified plasmid DNA 
was recoveral 

Col Lysis. AboutSOOgofcelpastawearesuspendedinSitersofeoldSohitionKBI mMghicose 
♦ 25 mM Trie buffer pH 8.0 + 10 mM EDTA at S'C) with stirrhg at room temperature. Next, 6 Eton of 
15 Sohition H (0.2 N NaOH 1% SOS) was added and mind end^ver-eml until homogeneous. This wes 
incubated in wet ice fw 10 ninutas. Then, 4.5 iters of coM Sohition III AO M patassaim acetate pH 5JI 
at 5*0 was added, mind end-over-end until e whha floeculent precipitant formed, and bicubatad bi wet ice 
iu lOmbutes. 

titration. Approibnately 1200 grams of CeBts* ifiatemaceous earth was added to the lysata and 
20 mindbyswalBigintlhnRiogeneous. AteUetopBuchnerfunnelwesassambledusingWntnnnf 113 filter 
paper. The fiher paper was pra^oatad vritii Ceiite* diatomaceous earth m denmind H,0. Thalysatawas 
dun poured through the fiher paper bi die filter essemUy to permit a Cefite* cake ta huiU up on the filter 
peper. The total time to fiter 13.5 Iters was 15 minutes. The total fatrata recovered was 12 iters. 

ONA Precipitation. PE64000 was added to tiie fihrata to 10% (w/v), phis NaCI to 0.58 g par 
gram of orignal eel mess. The PE6 suspensbin was atiirad overnight at apprnanataly 4*C. The ONA 
precipitate was coiected es f olows. About 325 grams of Ceite* dietomeceoua eartii was edded to the PEG 
suspension end miied by swiring until homogeneous. A table top Buchner funnel wes assembled usbig 
Whatman 113 filter peper. The fatar peper was pre-coated with Ceite* diatomaceous earth h deionind 
Hfi. The PEG suspension was then poured tivough ti» filter paper m the fOter assembly to permit a CaEta* 
30 cake to buid up on tiie fiter paper. The ceke was aspirated dry. The DNA precipitete wu captured h tiw 
Celite* ceke end recovered by suspending tha cake in 1 1ter of TE buffer (0.01 M Tris-ban pH M «- aOOl 
MEOTA). The total vokflne come to 1700 nd. 

RNA, Protein and Lipopolysaccharide RsmovaL Ammonium acetete was added to die TE buffer to 
15 M for 1800 ml and stirred for about 1 hour at approxanately 4»C. A table top Buchner funnel was 
35 assembled usnig Whatman 1 113 fiher paper. The fiter peper was pre-coated with Cefite* diatomaceous 
oardi hi dekmized 11,0. The emmonkim acetete su^enskin, whkh stiB contained dietomeceoua aerth, was 



25 
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then poured through the fflter peper in the liter esseiAbly to permit e CeGte® ceke to bidd 19 on the f9ter 
peper. The ceke wee espireted dry. The DNA fttrete, coming to 1500 ml wee then clerified by ndHnicron 
filtration through e 0.8 /An bottle top titer. 

Reduction of Volume. Next the fihrete wee concentreted ueing e Millipore PT6C (nonuiel motacQlar 

5 weight Bmit 10,000) PreplScele Tangentiel Flow Fiter (Mlfpere, Bedford. MA). The initiai volume of 1500 
ml wee reduced to B20 ml in epproiimetttly 90 ndn. During the proceee the fttrate wee kept on ice. 

Finel DNA Precipitatbn. A finel DNA preciphetkin wee performed with 0.8 vohmiee (375 ml) of 
coU 2*propanol for a nummum of 2 hours et •20''C The precipitated DNA wee centrif uged in e SorveB teble 
top centrifuge for 30 minutee et 2000 x g. The DNA pebts were resutpended in 24 ml of phy»otagicel 

10 seGne prior to gel fUtretRin chromatogrephy. 

6el Fitration Chromatogrephy. A Phermecie S-IOOO tendem eize exckiston cohmin, DNA exclusion 
limit of 2a000 bp, (Phermecie, Piscetewey, NJI wes poured in two Phermecie XK28n00 columns 
(Phermada. Piscatewey. NJ) with a finel bed height of 80-85 cm |2.8x80cm) resulting m e totel cohmin 
vohime of epproximetely 800 ml end e totel length of epproximetely 160 cm. The cohnnns were indhridueHy 

1 5 pressure packed in one direction, reversed end connected in series for equiEbretkm end opwation. The cohimn 
wes equiGbrated ui physiotogical saline end run et e f tow rete of epproximetely 0.6 milmm. Cleared lysate 
plesmid DNA was fitered through e 0.2 imi syringe filter and toaded onto the cohmm. Cohmm operetion 
end frectionetion were eutometed with e Phermecie FPLC (Phermecie, Piscstewey, NJ). Frections 
(epproximetely 0.5 - 5% of cobmn vohmie) were colkcted over the product elution zone end enalyzed by 

20 0.8% egerose gel eiectrophorests. The exect renge of product ehition was determined from gel enelysis. 
Appropriste frecttone were pooled end precvitated with 2 volumes of cold ethanoL This column purified DNA 
wes stored et -20*0 until needed. Following chrometogrephy, the column end FPLC were senitized with et 
best one cohimn volume of 0.2 M NeOH. 

25 EXAMPLE 2. PHARMACEUTiCALIUADE PURIFIED pHU B7 PUSMID 

Plesmid DNA of Exsmple 1 wes purified to phannaceutical-grade standerds as determined by the 
criterie g'nren in Teble 3 below. 
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TABLES: QUALITY COMTROL CRITERIA 



TKCT 


sPFriFirATtnu 

wr CVir lUII 1 lUra 


ilBTIIAn 
MCI HUD 


Sin IriflBtitv 


4800 bp 


AtlttMfeMI CaI ^ ^ — t S — 

Agarose oei tieccropnoresis 


Rutiiclion Shss 


Approximatei predicted: 
XhoUXbah 3500 & 1400 bp, 
BoDUXhol - 2100, 1700 & 
1000 bp 


Agarose Gel Bectrophoresb 


Craiiar Plaanid DMA 


> 95% of vwiaOzed micWc 
acid 


Aoanm Gel Electnmhorasis 


A26IVA280 Ritio 


1.75 to 2.00 


UV Ahsarham 


EcolONA 


< 0.01 unitm nlaarid DMA 


SoBthamSbit Bht 


RNA 


Non-visuaEied on gal 


Agsrose Gel Electrophoresis 


Protein 


UttdeteetaUa 


BCA Coiorraetric Assey 


Pyrogsnicity 


Not pyrogmuc at S /ig/Kg rabbit 
body weight 


Rebbit Pyrogen Assay 


1 Endotoxin 


< 0.1 EUUig plamdd ONA 


Litnuius Amtecyte Lysate (LAL) 
Assay 


1 Sterity 


No growth through 14 days 


Fluid ThioglycDDate Assay 


1 Potency 


50*200% of reference 


bi Wtn Trensfection/ 
Fluorescence 


1 General Safety Test 


Pisses 


par 21 CJJL 610.11 



EXAMPLES. POTENCY OF PURinED piOABT PUSMID 

Potency of pHLA-B7 plasmid puriTied ecconBng to Ezemple 1 was determined by HIA-B7 gene 
ezpressbn in HALL ceBs (a human melanome eel be) f olhiwfaig Ipid-mecfiBted in ntn transfection usmg 
DMmCfDOPL 

From 200«00 to 400«000 HALL cab were seeded per wefl into e plate the day before 
trensfection. Ceb were a >75% confhient monolayer prior to transfection. The ceb were trensfected 
with 5 /ig pleamid DNA in the presence of 5 /ig DMRIE (synthesxed hi house) and 5 DOPE (synthesiied 
by Aventi Polar UpldSr bic, Abbaster, AL). The ceb were incubeted at 37*C, 5% CO, throughout. A 
reduced serum roedinm, e.g., Opti^MEM (GIBCO BRL Life Technotogiei, Beltimore, HD), supplemented with 
fetel calf serum, wes edded to the ceb 14 hours end 24 houre post-transfection. Ceb were harvested 48 
hours post-uansfection. 

HLA-B7 expression on the cell surface was measured by labelSng with enti-HLA-B? mouse antibody, 
f obwed by a fluorescent secondary antibody (anti-mouse IgG monoclonal antibody R-phycoerrythin conjugate). 
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ImmunofluorBSGant staining of the eels was analyzed by flow cytometry. A two-fold ncreese in mean 
fluorescence Intensity was obsmed for transfected ceDs in contrast to negative controls (non-transfected 
ceDs or cells trensf ected with an irrebvent gena). Potency wes 50-200% relative to e reference lot. 

5 EXAMPLE 4. REDUCIM6 RHA CMCEIITRATIOH USIMG CEUTE^ DIATOMACEOUS EARTH 

The plesndd purificstion steps of Eiampb 1 were evaluated by agarose gel electrophoresis. 
Folowing eel lys» and CeGte^ aided fitration, and after DNA preeipitetioo by PEG and CeEte® aided 
clarification, we performed the folowing analysis. The coke wes resuspended bi TE buffer and fitered 
through a Celte^ precoeted Whatman f 113 fitter errenged m e tebh top Buchner funnel. An oGquot of 
10 filtrate was ebctropboresed on e 0J% egarosa geL Additionaly, an aliquot of a buffer wnh of the CeBte*^ 
ceke was coelectrophorBsed on the seme geL 

The ethidium bromidB stoined gel was analyzed. Product plasndd DNA wu present es supercoied 
monomers, timers end concatemers in the Ceha^ f Itrete. The buffer wesh of the Celite® ceke wes found 
to contom contanunant host RNA. This was a surprising result, beceuse RNA was not expected to colect 
15 Bi the Celte® diatomeceous eerth ceke. 

SenvHiuantitative analysis revealed that in my one step such es this representative one, the 
concentretion of RNA was reduced by es much es about 85%. 

EXAMPLE S. PURIHCATIOH OF pCMVUBGH PLASMID 

20 The pCMVIL2B6H iriasmid, intended for use es e gene therepy pharmaceuticeL was purified. An 

epproach has been devebiped that teles on the direct ntralesional administration of recombinant genes mto 
estsbGshed tumors m tmfo. The genes geneticely modify the tumors, as they grow m sto, to produce end 
secrete local amounts of Interteukin-Z (IL-2). lnterleukin-2 is intended to destroy the tumor. 

The pCMVIL2BGH plasmid was about 4800 bp in size. It was a pUC-based plasmid containing a 

25 bacterial origin of repGcatmn. It micoded an 11*2 fasten protem. The protein was constructed by cloning a 
portion encoding a short segment of the 5' untransleted region and the first six amino acids of the beder 
peptide of the ret insulin II gene 5' of the human IL-2 codmg sequence mmus the fust two sm'no acids of 
its taader peptide. This fusnn protein was pbced under the eukaryotic trenscriptional control of the 
cytomegalovirus (CMV) immedbte early 1 promoterfenhancer sequence. This sequence feciliteted expression 

30 of a composite mRNA contakung e 5' untrenstated sequence from the CMV enmedbte early 1 gene, including 
the BOO-t- bp mtron, the IL-2 fusion protein codmg sequence, end e 3' untrensbted sequence derhred from 
the bovme growth homtone gene having trenscription termination/polyadenybtnn signel sequence. The 
plasmid abo encoded a kanamycin resistance gene derived from TnS03. 

In this purificetion, 480 g of wet ceU paste was processed, and 10.2 mg of purified plasmid DNA 

35 wes recovered. 
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Cel Lysis. The ceB pasts was resuspended in 6 ml pv gram wet bacterial wright of cold Solution 
I (61 mM glucose > 25 mM Tris buffw pH 8.0 ^ 10 mM EDTA at S^'C) with stirrmg at room temperature. 
Neit 12 ml per gram wet bacterial weight Solution 0 (0^ N NeOH * 1% SDS) was added end mixed end- 
over-end unti homogeoem. THs was incubated to wet ice for 10 minutes. Then, 8 ml pv gram wet 
5 bacterbl weight of cold Sohition in (3.0 M potassium acetate pH 5.0 et 5*^0 was added, mixed endniver-end 
unti a white f locculent precipitent formed, ami ncufaated n wet ice for 5 nunutes. 

Htretion. The eel debris wu removed from the lysate by centrifogation. The supernatant was 
collected end ctarified by addaig appnnimetely 25g/l Cefte^ dietomeceoos eertb and f itering through a teble 
top Buchner furnieL Alternatively, appraiioiataly 80 gfl Mta^ diatoma^^ 
10 to the lysis sohition and mned by swirihg ontB homogeneous. The lysate couU then be filtered through e 
UMe top Buchner funnel 

DNA Predpitation. PE6-8000 wes added to the fatrate to 10% (wfvL phis NaCi to 0.58 g per grem 
of original eel mass. The PE6 suspension was stinred ovormght at approxanately A^^C. The DNA precipitete 
was coHacted by addtog about 25 gjl of CoitO* dietomeceous eertfi to the PEG suspension end filtering 
15 through a table top Buchner funneL The DNA precipitete was captured n the Cofte® cake and recovered 
by suspending the cake m TE buffer (0.01 M Tris-base pH 8.0 aOOl M EDTA). 

RNA, Proteei end UpopolysscchBride Removal Ammonhim acetete was added to the TE buffer to 
Z5 M end atirred for about 30 mmutes et epproiinotely A'^C. The suspension whkh stiB contened CoRe® 
diatonnceous earth, was f Itared through e teble top Buchner funneL The DNA f iltrata was then clarified 
20 by sub-microo fitration. 

FinsI DNA Precipitetkm. A finel DNA preclpitetion wes performed with 0.6 vohunes of coU 2- 
propenol for e msiknum of 2 hours et -20^0. The precipitated DNA wes centrifuged to e Serve! tebb top 
centrifuge for 30 mtoutes at 2000 x g. The DNA pelets were resuspended to phystologfcal sabie prtor to 
gel f Utretkin chromatography. 

25 Gel Fitration Chromatography. A Pharmada S-1000 tandem sin exchision cohmm, DNA exduston 

brit of 20,000 \9. (Pharmacia, Piscatawey, NJI was poured to two Phermacto XK28n00 cohmuis 
(Pharmacia, Pbcataway, NJ) with e ftoel M height of 8045 cm (2.6x80cm) resulting to a total cotamn 
vobme of approxinately 800 nd and e total lengtii of epproxtoietely 180 cm. The cotamns were todivhiuelly 
pressure packed to one direction, reversed and connected to series for equibretion end operetion. The cobron 

30 wes equiHirated to phynotogtoal safaie and run at a ftow rate of epproxtoiateiy 0.75 ml/min. Cbared lysste 
ptosmkl DNA was fitered tiirough e a2 pm syringe fiKer and toaded onto the cohrnin. Cohimn operatton 
and fractionation were automated witii a Pharmada FPLC (Pharmacia, Piscataway, NJ). Fracttons 
iapproxtoiateiy 0.5 • 5K of cohimn vohme) were cokcted over the product ehition zone end analyzed by 
0.8% egerose gel electrophoreds. The exact range of product ehitnn was determtoed from gel analyds. 

35 Appropriate fractions were poobd and precipiteted witii 2 vohimes of coU otiianoL This cohonn purif tod DNA 
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was ttorad at -20°C unti needed. FoilowinB chnnnatograpby, the column and FPLC were senitited with at 
least one cohnm vohm of 0.2 M NaOH. 

EXAMPLE 6. PHMIMACEimCAL-eiUUIE PURIFIED pCMVIL2B6H PU8MID 
5 Plasnnd DNA of Example 6 was purified to phannaceutieaHirada standards as deteimined by the 

criteria ghran in Talde 4 below. 



TABLE 4: QUALITY COMTROL CRITEIIIA 



TEST 


SPECinCATIOM 


METHOD 


Soe Identity 


Approximates 
4900 bp 


Agaroae Gel Electrophoresis 


Restriction Sites 


Approximates predicted: 
EcoRI - 3000 & 1900 bp, 

UamI 47Afi ft. linn ih.. 

NCOl • o/uu & 1ZD0 bp 


Agarose Gd Ebctrophoresis 


Circular Plasmid DNA 


> 95% of vitualinil nudflk 
acid 


Aoaraifl fial EtectroDhMBiis 

n||WW#V UOI M0wH Willi WQvIv 


A26(WA280 Ratio 


1.75 to 100 


UV Absorbence 


E coi DNA 


< 0.01 pg{^ plasmid DNA 


Southern Slot Blot 


RNA 


Non-visuaBied on gel 


Agerose Gel EkctrophoreA 


Protein 


< 0.016 plasmid DNA 


Protein Slot Blot 


Residuel Ettianol 


< 500 ppm 


Gas Chromatography 


Pyrogenlcity 


Not pyrogentc at 5 //g/Kg rabbit 
body weight 


Rabbit Pyrogen Assay 


Endotoiin 


< 0.1 EUiug plasnud DNA 


Limuhis Amriiocyte Lysata (LAL) 
Auay 


SteriEty 


No growth through 14 days 


USP Direct Transfer 


Potency 


50-200% of reference 


bi Vhro Tranf ectioni 
EUSA 


General Safety Test 


Peases 


USP General Safety Test 



25 EXAMPLE 7. POnHCY OF PURIREO pCMVUZBGH PLASMID 

Potency of pCMVIL2B6H plasnud puriHad according to Example 5 was daterminBd by IL-2 gene 
expression in B18F0 cab (a mouse metanoma ceD bie) foDowing Gpid-mediatad in vUw transfection using 
DMRIE/DDPL 

From 200,00 to 400,000 B16F0 cells were seeded per well into a B^all plate the day before 
30 transfection. Cells were a >75% confluent monolayer prior to transfection. The cells were transf acted 
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with 2^ M piasand ONA h the presence of 0.5 fjq OMRIE (tynthaiiied h house) and 0.5 //g DOPE 
(sirntlwned by Avanti Polar Lipids. Inc., Alabaster, AU. The ceb were incubated at 37»C. 5% CO, 
thronghmit. A reduced semm medium, e^.. Opti-MEM (6IBC0 BRL Life Tedinologies. Bahinore, MO), 
suppkmented with fetal calf serum, was edded to the cell M hours and 24 hours post-transfection. CeU 
5 supematmt was harvested 80 hows post*transfactloa 

IL-2 eipression bi the eel sopenntant wis measured by an enzyme amplified sensitivity 
bnmmoaisay (Medganix EUSA. Medoenb Diaonoitiei. flaurus, Bdgium). Potency was 50-200% relative to 
• rafarmniBL 



10 EXAMPLES. PUmnCATiOM OF pCMVBGH PU8MI0 

The pCMVBGH plesmid wss purified. This piesndd was about 4m bp fai size. It contabwd al the 
etementt found n pCMViL2B6H. achulng the humm IL-2 codhg sequence. 

Using the pnrificetion steps described n Eiemple 6 ebove, 503 g of wet eel peste was processed, 
end 14.1 mg of purified plesmid ONA was recovered. 

We pronde e process for reducing the RNA concentration in a matura of biologicel meterial by using 
a diatsmacaoHS earth matariaL Hds is a new use for a diatomaceoue earth materia). Wo eppredete that 
the diatomaceous eerth materiel reteins as much as about 85% of the avalabb RNA. 

Whfle particular embedimentt of the bntntion have been described ei dotal it wl be apparent to 
those sUhd to the ert that these embodiments ere exemplary ratiier than Smiting, and the true scope of the 
20 invention is thet defined within the ettachad deims. 
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WHAT IS CLAIMED IS: 

1. A process for reducing RNA concentretion in e mixture of biolooical material comprtsmg 
the steps of: 

(a) providing a miitiire of biological material having a first concentration of RNA; 
5 (b) fitering said ndxture through a dntomaceous earth material to produce a filtrate 

having a second concentration of RNA, wherein the second concentration is less then the first 
concentration; and 

(c) colecting said fatrate heving a reduced RNA concentration. 

2. The process of Claim 1, whereh the RNA concentration is reduced by et leest ebout 10%. 
10 3. The process of CUm 1, wherein the RNA concentration b reduced by et best ebout 25%. 

4. The process of Cleim 1. wherein the RNA concentretion is reduced by et least about 50%. 

5. The process of CUm 1, wherein the RNA concentretion is reduced by at least about 85%. 

6. The proceu of Claim 1, wherein seid mixture is o ceO lysete. 

7. The proceu of Cleim 1, whereni seid diatomaceous earth material is composed of about 
15 90% SiOr 

8. The process of Cleln 1, wherein seid dietomaceous eerth meteriel b calcined. 

9. The process of Ctatm 8. whereb seid cetemed dbtomeceous earth material b flux calcined. 

10. The process of Cbni 9, whereb said flux calcined dbtomeceous earth material b acid 



20 11. The process of Ctaim 1, whereb said diatomaceous earth material has a dry density of 

ebout 10 lbsicu.ft 

12. The process of Claim 1, whereb seid diatomaceous eerth material has a medbn perticb 
size of about 22.3 microns. 

13. The process of Cleim 1, whereb saul dbtomeceous eerth meteriel hes e median celce pore 
25 size of about 7 nucrons. 

14. The process of Cbim 1, whereb said dbtomeceous earth material b composed of ebout 
89.6% SiO,, about 4.0% MjHi. about 1.5% FojO^ ebout 0.2% PJH^^ ebout a2% TiO,, ebout a5% CeO, 
about 0.6% MgO, and about 3.3% fiaji ^ Kfi. 

15. A process for reducmg RNA concentretion b a mixture of bbbgical material comprising 
30 the steps of: 

(a) providbg a mixture of biologbal material havmg a first concentretion of RNA; 

(b) exposbg said mixture to s diatomaceous earth matwial to produce e product which, 
foBowmg separatbn from said dbtomeceous earth material by filtretbn, centrifugetion or 
sedimentBtbn, hes e second concentretion of RNA, whereb the second concentretbn b tass then 

35 the first; end 

(c) colbcting said product havbg a reduced RNA concentretbn. 
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16. A process for purifymg recombinant pbsniid DNA from a RNA component in a mixtiire of 
biotogicai material comprising the steps of: 

(e) providino a mixture of biological material comprising recombinant plasnud DNA and 
having a first eonemtratiofl of RNA; 
5 (b) fhering said mbttm through a ifiatomaceeus earth materol to produce a fihrate 

comprising ssU lecombinant plasmid DNA and hawing a second concentration of RNA, wherein the 
aacond concentratiim is less than the first coBcantration; and 

(c) cohcting seid fittrete having a reduced RNA conyonent 

17. The pracBu of Clean IB, wherein said rocmbhant plaamid DNA is a nucleic acid4iasad 
10 pharmaceuticaL 

18. A process for seperating different forms of sohible RNA in e mature of faiologicel materiel 
comprising the steps of: 

(a) providing a mature of biological material having a first and a aacond form of sohdile 

RNA; 

15 lb) fihering said mature through a diatomeceous earth materiel to produce a fihrate 

compriring said first form of soluble RNA end e product comprising nid second form of soluble RNA 
that collects in ssM diatomeceous eerth meteriel; end 

(c) coDectmg said fihrete, or ehiting eeid aacond form of RNA from said diatomeceous 
eerth meterieL 

20 19. The process of Claim IB, wherein one of sstd forms of RNA is e nudeic ecid-based 

pbermaceuticaL 

20. A process for purifying recombinsnt plasmid DNA from a RNA component in e mixture of 
biologicel materiel comprising the eteps of: 

(e) providing e mixture of biological material comprising recombinant plasmid DNA and 
25 having a firet concentration of RNA; 

(b) adding a diatomeceous earth materiel to uid mature; 

(c) mixing the result of step (b) to form a suspension; 

(d) pouring soid suspension through a diatomeceous eerth precoeted fiter msmbrene to 
allow a diatomaceous earth cake to collect on said fiter membrane end to form a filtrate comprising 

30 said recombinant plasmid DNA and having a aacond concentration of RNA, wherein the second 

concentretion is less than tlw first concentretkm; ami 

ie) colecting aaid fitrete having a reduced RNA component. 
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AHENOED CLAIMS 

[received by the International Bureau on 25 June 1995 (25,06.96); 
original claims 1-20 replaced by amended claims 1-20 (2 pages)] 

I. A process for roducing RNA concentration in a mixed solution of UNA and ONA, comprising the steps of: 

(a) proviifing RNA and DNA in e sobitnn, said solution having a first concentration of RNA; 

(b) filtering said solution through an effective emount of dietomeceous earth, wherebi the RNA wiO bind 
5 to dietomaceous earth more strongly than wH DNA, to produce a fatrate having a second concentretion of RNA, 

wherein the second concentration is less than the first concentretion; end 

(c| coOacting seid fBtrate having a reduced RNA concentration, with the proviso tiiat sanl process is 
conducted ni the absence of e chaotropic agent. 

Z The procott of Cleim 1, wherein tiie RNA concentration is reduced by at least about 10%. 
10 3. The process of CIsim 1, whereui the RNA concentratbn is reduced by at leest ebout 25%. 

4. The process of Qsim 1, wherein tiie RNA concentration is reduced by et bast about 50%. 

5. The process of CIsim 1, wherein the RNA concentration is reduced by et host ebout 85%. 

6. The proceu of Cleim 1, wherein said mature is e eel lysete. 

7. The process of Cleim 1, wherein said dietomaceous earth meteriel is composed of about 90% SiO^ 
IS 8. The process of Claim 1, wherein said dietomaceous earth materiel is calcined. 

9. The process of CIsim 8, wherein seid celcnied diatomaceous eerth material is flux calcined. 

10. The process of Ctann 9, wherein said flux calcined diatomaceous earth material is acid washed. 

II. The process of Claim 1, wherein seid diatomaceous eerth meteriel hes e dry density of ebout 10 lbsfcu.ft. 

12. The process of Claim 1, wherein said diatomaceous earth materiel hes a median particle size of ebout 22.3 

20 microns. 

13. The process of Claim 1, wherein seid diatomaceous earth material has a median ceke pore siie of about 
7 microns. 

14. The process of Claim 1, wherein said diatomaceous earth meteriel is composed of ebout 88.6% SiO> ebout 
4.0% Al,0„ about 1.5% Fe,0> ebout 0.2% Pfi^ ebout 0.2% TiO^ ebout 0.5% CoO, ebout 0.6% MgO, and about 3.3% of 

25 an oxide selected from the group consisting of Na^O and K,0, or a combination thereof. 

15. A process for reducing RNA concentration in a maed solution of RNA and DNA, comprising the steps of: 
(e) providing RNA and DNA in a solution, said solution having a first concentretion of RNA; 

(b) contect'mg said solution with an effecthre amount of diatomaceous earth, wherein the RNA will 
bind to diatomaceous earth more strongly than will DNA, to produce e Gquid product which, following separation 

30 from said diatomaceous earth by filtration, centrifugatbn or sedimentetion, has a second concentration of RNA, 

wherein the second concentretion is less than the first; and 

(c) coOecttng said product having a reduced RNA concentretion, with the proviso that said process 
is conducted in the ebsence of a chaotropic agent. 
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16. A process for puifyho rocoraWnant plasmid ONA from a RNA compoRont in a mixture of RNA and ONA, 
comprising tho stops of: 

W providing e sohitioo eompririno roeorottnant plaimid DNA and RNA, said solution iiaving a fnt 
nncentntion of RNA; 

5 (b) **^»"a»te>»ntlironohonoffecliwomountofdi^^ 

bW to diatonaeoous earth maro ationglr than wiB DIIA. to prwluM 

DNA and haring i second cencentretian ef RNA. wherein the second comamtretion is kss than the first 
concontration; md 

W eoBecting seid fitrete haviRg e reduced RNA cenponent with tha proviso that said process is 
10 condDCtedintbeebseaceof echeotropieegonL 

17. The prooott of Gbrim 18. wherein seid recomUnent plasmid ONA is a component of a pharmsceuticel 
prqiiratiofi. 

18. A process for seperetieg different forms of sohdda RNA in a sohition of RNA. comprising the steps of: 
W providing a sohition of RNA, said sohition having a first and a second form of sohride RNA; and 

» 04 ««i^««M«ohitlon through en effective emoo« of dirt^ 

of RNA wi bind to dietomeceous eerth more stronglir then wl other forms of RNA. to produce a filtrete 
comprising seid first form of sohiUe RNA end e product comprising seid second form of soluble RNA that coBects 
in seid dmtomacaou. eerth. with the pnwiso thet s«d proc.» i, co«h»t«l in the d»ence of e eheotropic egent. 

19. The process of Clain 18. wherein omi of sold fora» of RNA is e compammt of e phermeceutical 
20 preperetion. 

20. A process for purifying lecambiaent pbismid DNA from e RNA component in e mbed solution of RNA end 
ONA, comprisino the steps of: 

(a) providing a solution comprising recombinent plesmid ONA end RNA. seid sohition heving e first 
concentretion of RNA; 

^ *' '"'^«*»"™»"«»**»to™tMM earth, wherein the RNA wllto^ 

eerth more strongly than wi DNA. to said solution: 

(c) mixhg the result of step (b) to form e suspension; 

(d) pouring seid suspension through e dietomeceous eerth precoated filter membrene to oDow e 
dietomeceous earth coke to colect on said fiter membrem. emi to form e filtrete cmqirising seid recombment 

30 phsmM DNA end hevteg e second concentretion of RNA. wherein the secomi concentretion is bss then the first 

concentretion; and 

(el coBecting said titrate having a reduced RNA component, with the proviso thet seid process is 
conducted in tta ebsence of e eheotropic agent 
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